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ie LRU CTEON 


Sound radiated from a source in a wedge-shaped medium 
overlying a fast bottom has been investigated. In 1978, 
Kawamura and Ioannou [Ref. 1] computed the pressure 
amplitude and bvhase distribution along the interface between 
a tapered fluid layer and an underlying fast fluid bottom. 
A simple model based on a combination of normal modes and 
ray theory failed to predict adequately the pressure 
amplitude and phase along the wedge-bottom interface. [In 
1980, Bradshaw [Ref. 2] calculated the pressure and phase 
fseriputiomear sound in a fast fluid medium underlying 
a tapered fluid medium. 

The pressure in a wedge-shaped fluid layer overlying a 
fast bottom (See Figure 1, 2) can be calculated by using the 
method of images. If we assume isospeed medium, then it is 
straightforward to apply the method of images [Refs. 3, 4]. 
The images lie on a circle (See Figure 3) whose center is 
the apex of the wedge. The lowest images (closest to the 
source) correspond to rays of sound which make grazing 
reflections from the surfaces of the wedge. Higher images 
correspond to rays with greater angles of elevation and 
depression; these rays suffer more reflections from the 
surfaces of the wedge. Finally, images are encountered for 


which the rays exceed the critical angle at the bottom. 
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Higher images correspond to more reflections from the bottom 
so the effective strength of these higher images will be 
progressively reduced. Summation of the contributions from 
the source and various images yields the complex acoustic 
pressure in the wedge if both boundaries are smooth, the 
propagation loss is only that associated with geometry and 
absorption losses. A ray will, on each encounter with the 
sloping bottom, increase its angles of incidence, until the 
grazing angle will become greater than the critical angle 
Suarsceund energy enters the bottom. 

All distances are normalized to the distance X measured 
from the apex along the wedge interface at which the criti- 
eal angle is first exceeded and the lowest mode attains 
cutoff; this distance X called the dump distance is defined 


by (See Figure 2), (Ref. 5] 


<= Teese) 
: ‘2 (1) 
~ Ho sin(é.) * tang) 
where 
= critical grazing angle 
= wedge angle 
ae wavelength in the wedge medium 


h = channel depth at X (dump distance) 


ike 





a 


For a point source of unit pressure at one meter from 


the source, the complex pressure P(r,t) can be written as 


rt = PCr exp Cawt) (2) 
where 

P(r) = (1/r) * exp(-3kp) o> 

r = distance from a point source to a receiver 


z, 
(1 


angular frequency. 


For convenience, we assumed that the amplitude of the 
source is proportional to its distance from the wedge apex. 
This simplifies calculations considerably, particularly in 
the limit of large source-apex distance compared to a 
wavelensth. 

The purposes of this research are to: 

1. Develop a simple expression for the pressure and 
phase distributions in the wedge. 

2. Develop a computer program for calculating the 


pressure and phase by using the method of images. 
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i le ORY 


The complex acoustic pressure in the wedge from the 
point source at the infinite distance can be determined by 
using the method of images. Assume both the surface and the 
bottom of the wedge are smooth, and isospeed fluid media. 
The normalized complex acoustic pressure in the wedge can 


be expressed as 
P(x) = expLjk, x cos(é8_) J C4) 


where 6, is the angle between the line joining Nth image to 


the apex and the bottom, k, is the wave number in the wedge, 


a} 
magex 1S the distance from the apex. (See Figure 3) 

The total pressure of the various images and source along 
the line of constant x from the apex can be determined by 
using the method of images (See Figures 4, 5), 


: N INT ( =) 
Py (x) =) 5 (-2) Cg,-2exPlik, x cos(@_-6)] 


ee exDL jk, x cos(6_ = 6) Wd (5) 


Ms 
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where 


N=INT(180/8), 


B = the wedge angle, 

6 = the receiver angle, 

y = the source angie. (See Figures 2, 3) 
ue!) e ty, m= 1,9,5,7... 
GO =eeiomime ys Mo = 2,4.658 2... (6) 


nN 
= T Rle_) ep) 


(24 eee + a0”) 
eo and gS, are path parameters from the nth image and RCO > 


is the reflection coefficient of the bottom with grazing 


angle ae Pevyen by Refs. 6 and 7, 


des: 





RCe@) = — o> 
n Z Jy 
where 
D 05/04 
c= ee A / y/o 


ee) 
\ 


2 na/k, > 


where ais the absorption coefficient in the bottom 


(Nepers/m), and K is wave number in the bottom. 


re = C,/C,, (Index of Refraction). 


To check the theoretical results, expand Equation (5) 


iweomsew terms as follows: 


i 


B(x) = exDL jk, x cos(6,-6)] - exp[jk, x cos(8,-6) ] 


i 
+ g,Cexpljk, x cos(6,+6)] = expLjk, x cos(@,-6)]] 
- golexpljk, x cos(e,+é8)] - expljk, x cos(6,-6)]] 


C3) 


a. If a receiver locates at pressure release surface 


(§=8), taemecoee Appendix B): 


6, - See) + ¥ or a SR 
+ = + = - a: 

84 6 B : 8 d 8 me 

85 v6 =] 38 = ¥ 81, - 6 = 38 - y¥ 


All terms in Equation (9) cancel exactly as they should. 
Bie If source locate at pressure release surface (y=8), 


then 
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Also, 


Again, 


Smou ld . 


=6 = 368 - & = = ee 
= 8, = B mrdrster sca coe er Sasha sed at oh = 9 = R(8) 
= 81, = 38 ------------- 33 Si —ee Cop = RUS 


i 
cD 

i 
Nn 
DW 


29555562 == Be S Be 2 SEY SNe) IC) 


all terms in Equation (9) exactly cancel as they 
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ieee COMPRULAT TIONS 


A. NORMALIZED DUMP DISTANCE 
To use the normalized dump distance in computing 


Equation (4) the following derivations are given by 
cosé . = C,/C, = K,/k, (10) 


r ; 
ee (from Equation (1)) 


San oe tan 8 


Ti) 


2 Ky Sabie JF save | gens: 


k_xX = —_e (11) 
Sn 8, tan 8 


aoe GOS..COG 


ae 





tT cos @ 
C 


ewer 8. tan 8 


T 


= Ci?) 
2 tan - tan 8 


K4x = KX (k,/k,) Cx/X) 


= KX CWeoce  ) (x/xX) 
C 


= (k,C,X/C,) (x/X) (i929) 
Py (x) = exol jk, x cos@ _)J 
= exp[ jk, x (C,/C,)(x/X)cos(e_)] Cie) 
where 


x' = x/X = Normalized dump distance 
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Eee ANSLON OF EQUATION (5) 


P(x) 


iI 
+ 


- exp[jk, x cos(¢,-6) J - 


- g,explik, X 


: g,expljk, x 


“p g,exPl jk, x 


= g,expl jk, Xx 


- goexpl jk, xe 


exp{ jk, pees es—6) |] + 


i: 


cos( 9,-$) ] 


cos( 9-6) J 


cos( 6-6) J 


cos(6@,-é6) J 


cos(@,-6) J 


g exo[jk, Xx 


Zo expL jk, x 


expLjk, 


expl jk, 


expL jk 


expL jk, 


| expLjk, 


To use Equation (15) in computer program "WEDGE", 


to cluster together terms of the same g: 


Ld 


cos(6,+6) J 


cos(@,+6) J 


x 


cos( 6,+6§)] 
cos( 9, +§)] 
cos(6,*+8)] 
cos(@,.ts)] 


cos(¢6,t6) ] 


SiS) 


rearrange 


Py(x) = + Lexp(jk, x cos(@,-6)] - expl jk, x cos(6,-6)]] 


+ g, lexplik, x cos(6, +6) J - expljk, Xx cos(@,-6) J] 
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g,lexpljk, 


g,lexp[ jk, 


g,lexpl jk, 


golexpLjk, 


g,lexpLik, 


golexpl jk, 


cos(6,+6) J 


cos( 64+) J 


cos( 4,+68) J 


cos( 6, +6) ] 


cos( ets) ] 


cos( ents) J 


Zo 


expl jk, 


expL jk, 


expl 3k, 


expl jk, 


exp[ jk, 


expLjk, 


cos(¢@,-6)]] 


cos(6,-6) J] 


cos(@,-6)]] 


cos(¢,-6) J] 


cos( 69-6) ]] 








IV. CONCLUSIONS AND RECOMMENDATIONS 


Eee ol DATION 
iv Pressure Release Bottom (R = -1.0) 
The acoustic pressure field is See in <x sand. <s 
coordinates. It can be seen intuitively and verified 


mathematically that acceptable eigenfunctions are 
a A Sin(Cén1/8) SinCynr/8s) explj(wttk, x) ] 
Therefore, the total pressure will be of the form 


P =) Le A_Sin(énn/8) SinCynr/B) explj(wttk,x) J (16) 
n=l 


From this equation any correct solution should show the 
following: (1) the pressure at the surface (6=8) and at 

the bottom (6=0) is zero for all source position; (2) with 
the receiver at x/X similar to 1.0, all modes except n=l are 
evanescent so that only the lowest mode is present for all 
source positions; (3) with the receiver at x/X similar to 
2.0, all modes except n=l and n=2 are evanescent so only the 
two lowest modes are present; (4) with only the lowest mode 
present, changing the source from y=6@/2 to either y=8/4 or 


y=38/4 will change the pressure amplitude at any depth bv 
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Sin€(m/4); (5) with only the two lowest modes present, 
changing the source from y=8/4 to y=38/4 changes the phase 
relation between the modes by nm thereby inverting the 
Peoooure distribicion. Figures 13 and 14 show that all of 


miesce Ctrects are correctly predicted by the image solution. 


V/ 


ae od bom rom er = +1. 0) 
a. In this case, analysis (as above) shows that the 


eigenfunctions should be 
ae A_Cos(énm/28)Cos(ynmn/28)expl j(wttk x) ] 


thus, the total pressure will be of the form 


A_Cos(énn/28)Cos(ynn/28)explj(wttk x) J eye 


ty 2 
i 
um 8g 


n=l 


b. From this equation any correct solution should 
show the following: (1) the pressure at surface (6=8) is 
zero and the pressure at the bottom (§=0) is a maximum; 

(2) with the receiver at x/X similar to 1.0, all modes 

except n=l are evanescent so that only the lowest mode is 
present for all source positions; (3) with the receiver at 
x/X similar to 2.0, all modes except n=l and n=2 are 
evanescent so only the two lowest modes are present; (4) with 
only the lowest mode present, changing the source from 


¥=8/2 to +~=8/4 or ~=38/4 changes the pressure amplitude by 
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cos(m/4)/cos(r/8) and cos(t/4)/cos(3n/8). Figures 9 through 
11 show that all of these effects are correctly predicted 


by the image solution. 


Eero LlS FOR A REAL BOTTOM 

1. For the case of a real bottom, the coordinates can not 
be separated as described for the case of pressure release 
and rigid bottom. However, if the specific acoustic impe- 
games Of this bottom is much different than that of the 


wens. and if C.>C Eien eheeboteonm will look «similar to a 


ele 
pressure release bottom for modes high above cutoff and will 
look similar to a rigid bottom for modes near or below cutoff. 
For reasonably small 8, the modes should be fairly well 


approximated by a simplistic application of adiabatic 


normal-mode theory 
ee AL Cos(énm/28)Sin(ynn/8) (18) 


2. From Figures 6 and 7 it can be seen that at any 
depth the pressure amplitude with the source at y=,8/4 
divided by that with the source at y=8/2 1s within about 
10% of the value predicted by Equation 18. Additional 
computer runs show that for g = 6° and the receiver at 
x/X=1.0 the maximum amplitude is obtained when the source 


ig at 2.743° indicating that the eigenfunction at great 
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distance from the apex is not an exact sine wave. It is 
also worth noting that the pressure at x/X=1.0 is not 


maximized exactly at the bottom. 


eee eee REMENTAL DETERMINATION OF k FOR A SAND BOTTOM 

As described in Appendix E, the value of k was determined 
mor dad specitic Sand bottom at frequencies suitable for 
laboratory modeling of the wedge problem. The result was 
k = 0.27 + 0.06, which is in reasonable agreement with the 
empirically obtained value of k = 0.25 for the same frequency 


range. [Ref. 9] 


freee sCOMuENDATIONS FOR FURTHER INVESTIGATIONS 

Inehowumic Case Of 4a real, fast bottom, identification 
of the normal modes of the system and investigation of the 
possibility of normal mode coupling is worth study. 

ZmEOme rine real! bottom, a book at the effects of 
absorption Ca/k,) 5 sound speed ratio (C,/C,); density ratio 
(p4/05) > and wedge angle 8 on shapes and phases of the normal 
modes 1S worth investigation. 

3. Utilize the source angle as a tool to study the 
amplitude and phase distribution of the normal modes at 


large distance from the apex. 
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APPENDIX A 


PATH PARAMETER G 


Beem &quation (7) 


oan RC6,) 
=o = R(6,) 
Sa R(6) eo R(6,) * RC 6,) 


ie RC 6, ) * 25 = RC6,,) “a R(6,) 

a RC 6.) Soe RC 6,) ek Ge ie R(6,) 

epee on) gy, = ROO) * RC 8) * RCE.) 

g7 = R(6,) * ge = RC@,) * RCe.) * RC6,) * RC@,) 


Bee = RC 6g) ee RC 6.) * RC 6.) * RC 6,,) * RC 6,) 


Therefore another form of g is as follows: 


EGeep en 5) Re )...RC6,) owe T= even 


0a 
iT 


u 


odd 


RCo JRC e _n)RC 6, )..-RC6,) GOV ig. 


-4 


ag 





From Equation (6) 


, 
28 v 
28 Y 
4B Y 
on aa 
68 4 
68 %f 
8B - ¥ 
8g + 
VIDS a 
108 + ¥ 


Piz ox «3B 


GRAZING ANGLE 
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7 SS SP ee ae Se oe a ee 


# G@RPULS> Pprcgram for the calculazion 


bess cUr= and phase distribution along the 
from the wedge apex Ly the 
xT 


the ne pages. 


ui 


Om the nNornal: ze 


pda 


CCastere distance 


method of images is follcwing on 





CFE RE ER AK AE eK RK KK KKK KKK KK KKK KK KKK KKK KK KKK 


C THIS ERCGRAM COMPUTES COMPLEX ACOUSTIC PRESSURE IN THE * 

C WEDGE OVERLYING A FAST FLUID BOTTOM. * 

Cee RK RRR KR Kd KR KK RK RAK KR KR AR RK RR RK KKK KK KKK KKK 

C VARIAELE DESIGNATION AND RELATION xx 

CK OK KK KK KKK OK eK OK KK KK KKK KKK KKK KKK KEK 

C BL= ALPHA/K2= ABSORPTION COEFFICIENT (NEPERS): INPUT 

C CO=C1/C2= SOUND SPEED RATIO: INPUT 

C D=RHO1/RHO2= DENSITY RATIO: INPUT 

C XV= x/X= DUMP DISTANCE: INDUT 

C BETA (RAD)= BETD (DEG) = WEDGE ANGLE 

C GAMMA (RAL)= GAMD (DEG) = SOURCE ANGLE 

C DELTA RAD} = LELD (DFG) = RECEIVER ANGLE 

: THETAC(RAD)= THETAD(DEG)= CRITICAL ANGLE 

C BE= AP*CO= K2*X 

C EX= BL*BP= (ALEHA/K2) *(K2*X) = ALPHA*X 

C AF= K1*X = BP/CO 

: CCN = K1*x 

é N= NUMBER CF DEPTH POINT (RECEIVER POINT) 

C NI = NUMBER CF IMAGE POT 

C Ned. = Neem 

C R = REFLECTION COEFFICIENT 

CK KK RK eK OK RK ee eK A ee eK eK Kk KK KK Ke KK KKK 
DIMENSION SUM (200) ,THETA (209) » G (200) Z| OOS rs Ree CLOUD) 

x Rao) A 00) . 420 paraty 50) ,F42 (200 : 

* ANGLE (200) , BH (2 0) , DELD | 1) SHAG ( 1) 
COMPLEX  2Z1,22,R8,G,SUM, SUML,SUMJ,HI,HR,H1, H2, H3, H4 
INTEGER I,{f1,0,K,L,N,NP1, NL 
PHI = ARCOS(-1.0} 

CK OK KK a eK KM KO eK KK ee ee KK KO KK KK KKK KK KKK KKK KK 
C DO LOOP 10 COMPUTES THREE DIFFERENT INPUTS AT EACH TIME. 
CK AR ee ee KK ee KK Ke KK KO eK KKK 
C DO 10 M=1,3 
C XV=M 
XV = 2.0 
BEID = 6.0 
GAMD = 4.5 
C 
BL = 0.01 
CO = 0.89982 
D = 0.5051 
C 
N=20 
B =-1.0 
CK KKK KK eK eK Ke eK Ke KK 
C VARIABLES RELATIONS. 
Co MK KK I KA KO eK Ke KK 
TEM = 180/PHI 
THE TAC=ARCCS (CO 
: THE TA D=THETAC*TEM 
BETA = BETD/TEM 
BETN = BETA/N 
: GAMMA = GAMD/TEM 
BPs PHI/ 2* TAN (THETAC) *TAN (BETA) ) 
: AP=BP /CO 
E=2*BL*CO**2 
CON = AD * XV 
: S = SQRT (2.0) 


NI =INT(180/BETD+0.00001) 
NP1 =N+ 
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CR RR HE EK RK KK KKK KK 


30 CONTINUE 
i i SE 2 ELAM Malla lana le ea area aaa 
WRITE Zz 10) 
210 FORMA (Zant, SDELD( DEG), ' SX, "PRESSURE 
x ORE SeGREL. X HASE(DEG) */7) 


C 

CK Ae HE 2 ee a fa RK KK RRR KR RK RK RES 

Bebe) LOOP sO SCOCPUTES TOPAL SUM (COMPLEX ACOUSTIC PRESSURE) 

(C9 KE Ha ea ee a KK RK KKK ARK KKK KK REX 
DELTA = QO. 








DO 40 J = 1,NP1 
A Dobe) =DELTA* fen 
Hi l=CONPEOS(THETA( 1) —-DELTA 
H21=CON*CCS (THETA(2) -DELTA 
H31=CON*COS (THETA(1) +DELTA 
7 H4 1=CON *COS (THETA (3) ~DELTA 
H1=CMPLX (0.00000,H11 
H2=C MPLX (0.00000,H21 
H3=C¥PLX (C.00000,H 31 
HYU=CMPLX (0.00000,H41 
pet eek Make oF Seat ten keene x 


Serra ee) Lo scONS TANT PART.OF SUE. 
CK RRR RR KEKE KK EK KK GEEK EKK KEK EEK EK EK 


, SUMJ=CEXP (H1)-C EXP (H2) +G (1) * ( CEXP(H3) ~CEXP (H4) ) 


AA=ABE 
ee ec OCU) 


CR RK KK KK KK KK 


SEDC. LOCeE FA COMPUTES NON-CONSTANT PART OF.SUM 
Dt atatan nes oe ae foe oo St SSELINE ASSESS TE 


DO 41 I= 
IF (ed BD), Cosmos 11 


Oy 


O 
18 % 
CMPLX (0.0 
CMPLX (0.9 
MI = SUMI + AA*G ( CEXP (HI) -CEXP (HR) ) 
412 HH (1) { +DE LTA) 


SUM EXP (HI) ) 
413 CCRIANUE 


K=K+1 
CAE HH ee eR ee a a EK KK 


4 1 if 
Gh a “ap ease sae te iotlalaamanaalalalalaa aunt 
SUM =SUMJ+SU MI 


SMA (3) SCAB gy ) 
RSUM (CREAT( & i (d) 
. RISUM eA IMAGY SUM (J 
IP (SHAG (3). ST. 0. . GOTO 4111 
RI SUM=0 
RSOUM=0. 
SPHASE =ATAN2( RISUM,RSUM ) 


uy 





=S PHASE*TEM 


DeHASE 

= DELTA + BETN 
40 

DELTA + BE TN 


DELTA 
(Ce 2 ee a a ea oe aR KR ee a a eo oo a eK oe a 


40 


Cit 
i tH 
“rit 
gH ~~ 
4% OO 
Ot moO ~ 
ri -— oe - 
Ort = & — fA 
H - ww & = 
TO + i314 Ww) ane mM 
VU Smee e -_~ © wa] 
Gi) # 2705 Load @ onl e& 
4 03 Fa . oT er 
# DQ © ome om Fay ee) mA - oo» ef & 
Y4 9 Y) Oo oe - e —Q ——q Ft Hee 
v 13 UN ~- F BS Fiedt Lame es em ) 
Q# 0 Ww MOM Meee 2 aaa 
cit Oy Fa - ect «fut ee INE eo - © & 
rAt ~~] £9 e. owe Me OH eM. e.. ew © & 
43H fr4 OD ~ ff} we een~e @ AONM e&— Ne & © 
“st Oe \O Mee Me Oe OM eatin eFHHO 
CO # aL 9 MOH ef4 eFtOncd e&§ SIDI ASDOON 


OO 
&’ 
% FIOaet ec acie ODOM ewe De eo 4 
UH % 3 E+ ft = Moe Oe Over BWBOdOrO ewe e@ FF 
~~ My = MOM wO alm ODVDOO0OO 
e e OTOTCON & & KTOOOCOH 
a) HAD 8©O OOe & YH wwrern H 
mt ot =f & Wi mow Kew KH MRGHNe «8 & & 8&O 
Ut . # ane AG Ww) Sh ot ot WE 1] Oe © © & 10 
H CH ~ ow @ Dye He le NLANOY Il Rae 
“itt AIH eC ) ACSHRAWAPRK-OUDNE- DOH 
Ot Rit N &)Q ~ AVUDHODMOMAONMO tl c ee 
+ + C excl e iN. et] eG eG ef ee OT he 
PH Pit BOS ee OC OT ON OUT MOVUOCKEOM+ | mH 


SMAG,DELD, 21,0) 


© 

19% COOH MOMTQ—YMMNO VZOUMOMMOOUUWOUMOUUUUUW™ " “I 
SE FE EO CN TT A SE De Oe De Kee DEM AAs 
M0 mI as HOU ku DAN NNNNNNNNNNNNWNWWEI Ss Ah 


eB 


Co MR Me He A eK A eK ae he ee ee oe oe he fe eo oe oe KK KO eK KK 
a 
* 
Xe 
ti 
le 


C 
S 


FQ 

— H Ry 

= Sit HH AM MUA AHHH HHINNNNNNNNNNNNNNNNNARGm Am 

tH itt Fo Fr) 2} Ot 9 4 © 0G 2) 2 2) 2) a PP A IRI ROD MAO 

G4 # OF BHM ASH HMO OQOULN ASUS SSS SSHeeeEHPaaUNMA 

ra eK A yaa 

Oo #% Put - 

Ut FIGs  # ANA RARAAAA AAA RANA RIAA HARA AAAAHA 
OO Pt O04 Hee aR RHA HH HHH HH HHI HH IH OM 
Sey On ett ot tt ai tM ee ee Rae Ra eases a a EOE Of oe Be) 
ai a a aD aa al 

() # 
ZMH HH 
H tt H 
HHH 
UVUYU 


= 
YUUYQUULVUYUHVUNDYV UVUYU UYUVUUVOUUVUOVOUVUYUVVUVUVOY 


u5 





a= et wp we 6 eee 


RESULTS OF CALCULATIONS. 


=> 2p SSE Lo 


MeeeeecmOoUtTruUtS ARE LEStfsD FROM TABLE I-A1 TO TABLE III-~-C3, 


RieeereOorteD FROM FIG. G6 TO FIG. 9. EXPERIMENTAL DATA ARE AS 
FOLLOWS ( See APPENDIX E.) 


ay, = 0.89982(.sound speed ratio ) 
P, 7 Po =O, 505 1 ( density EFat:o } 
TLS, = 90.01 ( Nepers ) 
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XV= x/X 


PHASE (DEG) 


FRESSU RE 


DELD (DEG) 


N 


LIM KH MN DOWD OF DNNIMNCHNSK ANM 
TODDOMWUIMOE AH NWVONWY Oom 
eee eesrest @ @ @ @ @ ee oe he hh ehlUhehlhlUcfhlhlU lhl 
Olf~ DHNOCTNAM Ss FINMOW ME HMMM oO 
~™——  DOD MDM DODDUOODDODACDADODOON 


MODNAMNA Se Ne FAIrDODAMNMMdEO 
LAMM DM NNONASANMNDMH KOMEN K-NwdO 
mDOATODNHOOANENMNWDONDARAOS 
Ne HKONOM SM UOAIMNAKOOrNANO 


ANNAN See CC eK KKK OOOCOOOOOo 


NAM HK SH DHNAIMM™ MMOOMOsAOMoO 
TH—DONOM OM AMNNTKHOOKNAM—O 
es e@ft @ ®@ @ @ © © hehlUcfhUMhUCUr HhlUCc HhlUc lhlUCU HhUCUrOhlhlUhMhlUCUFhlhlU 


ANNAN See CTC Ke TK OOOCUOOOOo 


Lo Lame Yh Jee 1 J. Lge | YL Mae Lago hase J ape esl apm [Lape Uae Lo Je Le J 
SEF HE HEHEHE HE He Het ete et 


NVK OK HK MOP AEH ONMNNT eo 
WIFAIMNMNANT KK OODOOOO0OO00O 


DODOOVAVPD DOOSO VO OOMOOO0O90O 


DODO VDVDOOVO OOOO OO0OO0OO 
OM ODAYIO & + OMODAN De SHO 
eve eee eer ee eee tf © © 8 © oe 8 8 


DOOOSCTKANNMMOAMNMS +FAMNMWNO 


MAM ANOM™ DHNOTAMANOME ONO 


SO SF OOOO ONIN 


U7 





PHA (bes) 


5-00 


WEDGE 
PERESSURE| 


GAMD= 


OM 
00 


6. 


FRESSU RE 


Roa Ose 


PRESSURE AND PHASE IN THE 
BET D 


COEF= 
50 


N 
= 0. 
DELD (DEG) 


Mioigs  kL—AZ< 
Ree ECT IC? 
XV= x/X 


N 


NM IFANNONOOMY FHKTOMMr mM 
THMMNMOOMN ST KHNDHYHNTOPRPrMNMAINT OF ON 
ee ee eeeeee%eeeeeeeeeee oe @ 
NOTAMANOVOK DOANRANHNRDWVCOOCOFr 
WO) aad oat ted Stall toad Sad tad Sad td Nae Sad ed ad Mads OLS Cle 01° OLS 0) be. 


MmDO FDBDNDAMAMNMNM SPOOF MMOMONGS 
OM NAF HAN KOM MHNIANAKNKODNO 
TODAANANT DMN TUOTMNDrMN OM DD 
OM OW SFONK OD OFNTOMNMeKS 
oee#eee@#e8te8@ e ®& @ © © & eh eee hme 


NANANNANANNANNANN © eer err &— OO0O00O 


ONE OMFAMNOF NDMOIOANTOM HNO 
OONMN AMNNTOORMNASANDOOMrNMsO 
ee@#et¢tete@ @eeerteeteeteeeie®% @ 


ANAQNNANNANAQ ST CCC oT CTOOOCOOCO 


Cpe Jam [em Jap ge JL jl Jap ee 1a FL Jap Mp Jo Ue Ta a> J Jug a ge 
SHE HHHEHE HEHEHE HEHEHE HHH HH + 


MMO DEK MO AM TMONM NHONDOMNGE 
DHOOM OWI TMNAN&S TKDQDdOO 


—OCOOQVOOVVWVDWDOOVOODVV9SO000°O9 


DODOVDVDDOVOVDVOVOVWOO0000 
DMO NAIM BD Fat OMODNNDOE tro 
eetteee@8#eeeese« ee%e«#%#¢e¢#8 @¢ © @ @ 


DODO TTEKANNANMMOM sf AF SFNMUNO 


TAM AMNOE DHNDEAM ANOPMDHnO' 


eet ee ee ee eee ONO) 


48 





PHASE (DEG) 


4.50 


PERSSSURE| 


GAMD 


OM 
2) 0/18, 


Be o 0 Bes 


REAL BOTT 


PRESSURE AND PHASE IN THE WEDGE 
BED 


OEF= 
0 


Nee 
0. 5 
DELD (D£G) 


fe oe 


Beer LS CTLO 
XV= x/X 


TAEL 
N 


WNDDNANOMMNNANAWM FOowMasawoonN 
NQWM™ OOM wOSTKrodaAnATDONANEHNOrO 
eee © © © @ & @ @ 8 & es © © & © ee 8 8 8D 
WOM DHOrAMsTNMOOM Sem OOM 
OOOO ESE rere reer 


NEeMOANDONNOOMWOO FOND MO 
MMAM IE ANNOAD00OOR eT KrOoOOrto 
ONT KF WNIDEYHAMNMMMN SANK HE INO 
OO MM OWN SAMAK ONDMOAMNNT © 
eeee fe Fe es ee wee ee Fw ee 


SS OKT HOO OOOO OOO 


TOM TOT FROM NANANNN TP ODWOFNO 
MmOWMOUIWU SFMNMNAIK ONDMMOIMAKO 


SST CST STO EK KH DODO OCOVOO 


Loe a Japs Tae a Lae aoe age Ta oe J a ae ae ke Lae Tee ge oe) ae a | 
HEHEHE HEHEHE HEHE HHH He He eee e+e 


NO THTONKMMNAHONANHOMODMNME 
MM OMWUIMN ST AMMNANS TK KTOOCOO 


DODD COODDOD DODO OCOVOOOO 


ODDOODOVDOVDOVDOOOV OOOO 9O9OO 
QDMODNMNDOE AM DMNODAWN Or trO 
eee tf? @ @ © @ @ 8 ee ee he hUhHhUrhhUhhUlUFhUHMhlhlUF 


DODO CSC AANMMMN = J FMUNWMO 


TAM ASWMNOE DNHNOT AMANO’ OHNOT 


SS SCS EO ONN 


4g 





rs! 


THe WEDGE 
oS Ue 


GAMD= 


REAL BOTTOM 
= 6.00 
EREooURE 


PRESSURE AND PHASE IN 
Bere 


COER= 
00 


N 
1 


Pao 1-81). 
Peer Eb eCT IC 
XV= x/X 


HASE (DG) 


rf 
= 
= 


x4 
ay) 


DELD (DEG) 


N 


MN tM NAAM ANOPNOC—OMNDANMD 
OM MNAAHATPOANDK FOUN ANN 
e 2e;eee?eeee?8 @ @ e eee? eeee?e @ 
FFWINOWOF FL DDDANAAHHDOOOM 
Ssastscoataaarstaesssts ST TOMOMUue 


MIT FH MOANHAK NON STWOWOMNANOSO 
MIE FLINT OO MOMNMNOMNNBDONFO AO 
MH NODMOMNANAND FWOOTFROrAIEeO 
NMMAINKODEMNNOP FrorerMe 
eeeeeeef# eee @eeeee8ee¢ ®@ 


SS SF SS TS OI MIM MINN SK K— OOe 


THHNOKINE DDO TFTOOKrMNADAT™MMNE AVA® 
MNFTAMNANK DANOK NANDOK NNO 
eeeeeeee?fteee¢eee?8 eee 8 8 


NNANNANN NS Ce cer er Kr OOOCO0O0O 


Le Dae Lae Dae Lae he De De Le ae ee Le he Le Lae ae Le a Lae he Le 
HEHEHE HEHEHE HEHEHE HHH HH HH 


WMO tH K KM KNTKOMNOFrES ONMO 
TINWIMN FIM—$ OWOWOM K’ DODUINVWVO MO 
e e ® e °@ e e 6 e e e t e e e e e 6 6 e e 
AMMMMMIAMNMAMMANANA & = GO0O0O 
rrrerenrptepepteere#tepet 


DDOVDOVOOVSOVOVODOOO 900900 
DIM OKDNWID & tz OMODNMNO | tO 
eeeereervrereereeeeeeee ee 


DODO STK NANANMMMM FS FANMNWMNWO 


TAM SIO DHOWE ANMAMNOPF DAG 


20 





PHASE (DEG) 


3.00 


WEDGE 
Pe Reoouns| 


mm 
i 


GAND 


0 


0 
34 18, 
PResouns 


RERE BOTT 


BETD 


PREooune AND PHASE IN TH 


1.00 


CELD (DEG) 


EZ. 


iia 


S 
BeLECTECN COEF 


TA 

R 

XV= xy/X 
N 


MmODONK MDOWOOKHDMNNMDe KONO) 
DOMO SHAME KINDOMNWNDOerenme 
eee*ee@¢#se#?e e808? 8 @ © @ @# @ @ 8 @ @ 
ONOOCENNMMMATAsSSAAMNNONN 
OMnasaaasratasaataltasasastsasa 


OM NOANDIMEH&—APONMNDOLF OWNS 
OM MNOAIIY KH HM NOOr K— MONDE O 
~H— NOT HMASAODMNMNAHMNNNADAWNY HNO 
OMMmOUWAMEHOMDONDMNAAHAYS 
eee ®@ eg eet © @ © @ @©@ @ © © © e© Fo e 


MIDNA PMAMMNANS KH ODO 


NOWONDNOKTFOOANDME KH MODS 
&MM™OMNNIM NE VHDMNM— DOOCMNEONNO 
ees? e fe © ® ®@ @ @ @ © @ ee ee He 8 lh 


MOAMNMMMNMAMANNANNA S&H H- er OOOO 


HAHA ry HHHVhhepHyrAyhnhrhhhArh 
HEHEHE HHH ee ee eet ete 


DODKADMMAMNMOAMNsOModDd0o0o 
AM) FTTMM ND IVY NN DHOMOnwa BAO 
eeeeeeeee#e*ee* @® © @ @ @ © @ © @ @ @ 
starsatss ANMNMNNNNANN Se CK OOO 
prrrvrrvrbrotrreprerebretropebeevebe 


QOOo0900 9006207000790 0090O0 
DMODNNNDT FHOMOVDNAIAe SHO 
osovoereeesreeveee eevee ee 8 © 8 


OO QO CEE ANANMMMM +FATMNWMIWO 


FNMNANOM DHOEKEAMANOP OHNE 


on 





PReSOURE AND PHASE IN@PHa WEDGE 


ieee 1 -B3. 


4.50 


GAMD= 
PPR EosUn el 


th aad 


Ree LECTIC 
XV= x/X 


(DEG) 


15 
er 


PHAS 


EReSSU RE 


DELD (DEG) 


N 


NE NMDOHNOOMNANMADOMOWNMODS 
HOM HD STHATONOANNTODOMAMMN 
eeeeusvseereeeree te eeeeet et eetee 
OP DONHNNDO MS MANNAAM MOMMA 
MOMNOMNStsasrsaeastasassassassaeE 
 anadh. meodh, neath meal wet. need ead need saad. moh moe, mene roe, noe sea saa sea, noe ea ea ad 


DODNOMNTOFTOM KK NAH KDOON® 
WIM NOW AE MINAS mine  ONDOMONG 
ANIA EY DOL OV" OO MEM HNAAM INO 
WDD OMOMN ANH HNW SK DNNAOMS 
eee @®@ ® @ e © ee @ © © @ e@ & © & & & @ 


MMNMAMNMAMNMAMNMAMNANANS —-FOO00 


HOM NNDDDOMA TONSA ODANHNOCO 
WOWNN FNMA POI OFM HK DM NNN 
e @ @ e e ° ¢ e °e ¢ e e ¢ ¢ 6©¢ ¢ @ e 6©¢ e 6 6©¢ 
ANAQAQNANQ NAAN & oe ee ODOOVDVO 

t 


SHH HAPFAhHhHrhAhHHAHAMArIAHMMY 
HHT HHH HHH ete tetee tee ett 


OiwNao Oe Me~ Oe SF HANMM = OMOMOa 
OW OO WO WE OM FNVNEAHM NNODEUINGS 
eee?eee?eee@ ee? @? ¢ @ @ @ ¢ @ @ @ @ 
NNANANANANANANANAN & fe OOOO 
rerevt_te et! bet eevee tb @tebvuen 


DODDOOODVDOVDODOODOVODO9O900O00 
DMONANND & FMOMNOANNDOE sro 
eoeeveerereveeveee eee ee Fee eve 


DODO THKANANNAM MMM ct FAFNMUNO 


TAM TNOE DNOMKNM FM OF OHNO 


ee re ree ee ere ON 


8) 





PHASE (DEG) 


Ag 50 


PpeRESSUREY 


GAMD 


OM 
09 


6. 
FRESSU RE 


BEE 


PReEoouURE AWD PHASE IN THE WEDGE 
REAL BOTT 


COEF= 
00 


N 
Be 


DELD (DEG) 


Riel ECTIC 


XV= x/X 


Meeor I-CV. 
N 


~—TM-OUWDMTUOasDONDNONONVs 
ANNOUODOPMNVIOP sar NWODWINOW 
ee @e ©@ © © © @—hUhhmhUrh!hUC OhCUC HMhCUC OC HMhC HMhC<C MDC MCU HLCM HLUUlUD 
ONAN AHA SENN KLKMNMNANC KH OOOoO 
MM tANO OWWSMMNANANAANNAA NANO 


PANDAS KANO NOTAWMNAMmOnO 
NR SAINI NAMSTHOOMNTOOOFTO 
NAIHDMHMNOM FATNOMYSVNKEMNOMNAS 
N= DDO FMNNDONANDOWAMNMN SHE AU OO 
ee eee ee ervreere Fe Fe ee & © ® 


MNANNANANNANAM® = FATFAMNMNANK OO 


ANODE SATHSONNOUWOwoOtorr © 
NDONWOUOMANOMWMWH Serer © 
eeee?e«?e?eee@e¢¢?eesete ee ¢ @ 
ANS — DQODOFCEKAMNMNMMNMNMNANNAN TOO 
teeteeteeet 


Lege |p Leo Jeo Jl ere ap? J Lap Jao | po Ha gm TL > > Pee Tae Le Dee 1 ae |e pee 
HHH HEHEHE HEH He ete tee eee et 


MOO ANN Ferre MVMe Fe TOMVnwoWMNO 
SAMMI YH SATMNWIWO WO OWI ONHNOND AO 
eee? et? 8@ @ @ @ e ee? 8e« ¢©6UC<rRSC—<“ hC<“ MCC SlULhTlCUD 
ANAANANANANNANNNANN Per Ooooe 
teretere?etret¢erteetetbeetoeet)e 


OOQQo Co dO@QoQooooeqQoQodoooo 
DOMNODANDE SFM™OMNOKNNHOe SO 
*?eh6e8tm6mUchmUCc hmhC WMC<(C HC sthU hmhUCUC HhUCU HhUCU HMhUCU HhCUCU HhCUCUOhUC HhC(C(C HhUCUhHMhUhHMhU HmhlhlUF 


OOOOF SK KANAMNMMNN + + FWMIMUWIO 


HNN STWNOM™ DNHNOSLEAMSANHOPONOaIs 


5) 8 





PHASE (DEG) 


3.00 


GAMD= 
pes So Ue 


BOTTOM 
EBRD] 6.2.00 
FRESSU RE 


ssn AND PHASE IN THE WEDGE 
REAL 


. 
|) 


PR 
COEF= 
2700 
DELD (DEG) 


b=C2. 


Ree Cr LCN 
XV= x/X 


dynes 
N 


ONE KHHNODNTM HNODMNO DONO Oro 
ONNDONASANOPM Fer IDAVOADIT AWM 

eeeesteeeeeee«*e?t ¢@¢ e« © « 6 @ @ @¢ @ 
DODONHNOTAMFMNOEOS DOAHNHAGEe™ 
MINUIW WO LOW 1D OM WOOD 'D OOO 


MANNOONOMASAEKNARPOMNIONATHAWOO 
NAM TNK MYM STHDIODNDMN ANE NA® 
MOMNITMARMANDAeE ASTM SFOsl OO 
NIEOH DOM OMMOOAKEKMNATAAO 
eoeeee%eeee?f ee ee © ® © @ @ © @ @ 


—aasat sass SIMON NN KOO} 


DODNOK SFOOlMOOMAMMAANS DO 
MOMNWMIWN FONKONDMOMN FHNK TO 
eee @ @ © @ € @ © @ © oe @ @ © @ © @ @ @ 


DHEA MHNMHNHANNNNS 
HHEHEHHE HEH HH Hee ete e tee ete 


MM™ ODM OM Dr DONK—DOOrNMN ODO 
HE MYMTNOMUIMNGFTTOP MOAN AO 
eeeee?#ee?*e?#e@e¢#°e® @ @¢ @ @ ® # @ 
Wane oa tat ot et ICONS OOS 
srrebenve tte eb gt bt tebe be 


DDODOVDVDYBD VOODOO DOVOO000090 
COMO DAW F SFMHOMO HANNO RSMO 
eeee?e#eeee#8e#e¢*e#e#e¢e%8e ¢# @¢ ¢ ®¢ @ @ 


DQODOS TK ANNMMMNM ts FANMMNO 


TmNAUMAPNOM DHDE ATM ANNOY OHNO 


a aa wae wad el ad waell ds lt eal a 


54 





WEDGE 


LN Te 


BSSURE AND PHASE 


PRE 


ire I-C3. 


4.50 


Pees SU ny 


GAMD 


6.00 


bo 2100 
PReooU RE 


REAL 
EETD= 


SCTEOCN COLF= 
XV= x/X= 2.00 


Ree L 


PHASS (D2ZG) 


DELD (DEG) 


N 


TFHNAOMAP OFM ANOCoOoTlKwo 
TM MY NOT ODIDANNMNNANOAWMO 
eege@eeee@ee@#ee@e?e¢ @#6e@6m¢?t™6hCUrMhCc OHhUCrOhUhUhlhU 
TDWMHMNMNKDWDAAHUWM AVCDNM- Or 
ANMM =x NOP ONWMNAMNMNAANANNANANAE 
CCS SC OTM COC OOK KS | 


NIOSH ONNK KOTKNNWNAIOMOEO 
WOOrMNAMNANARP cor FtATONDDOS 
HI™ NET ATADODOMNE HOU AMNNANNOTSO 
MDODDOFTKHNEMOMNTANOHFMNANOOS 
eeeee#e#ee@¢#@#ee?ee%®e ee ¢# 8 e¢ @ 


FI ttt st AMMMMMMMNAN| K— OO 


OO At TTHOMNNODMNKNANNWMNOA? DOO 
NOMNH—ODMOVDNANE ONAN K ANOMO 
eeeef eee feee © e @@e ¢ e © @ @ 
MMOAMMAN  DQOODTEKANNANNT HK KOO 

;rrprvrpevPereyeda 


Lore Jk Je se bg Lee Yh Yee) Lao Ihe J ue JL De | aes JL ae ee Nee ee 
HEHE HEHHEHE HEH HEHE HEH He Hee He eet 


WIN OMNM FUINI*— OM =AtT9O0 FOMARATOOMO 
WdMOWVNHAANIFYWIMOF FOOMODOMOE 
eeeeeeee#28#eeeeee« ®t « @ &® @ 
MMM AMNMYAMNMNAMMOYAMNMANNNAS THK OOO 
fapvbwr1trrr+sptiwytber arr. 


DOVDDOUIOD OO VO VVOOCOOO0OO 
ANUODNWID & SHON ONAN De al Oo 
ee eeee?#e?#ee?eeee?tee@¢e?e @¢ @ @ @ 


DODO TSCTKTANNMMMN =F At ATMO 


HAM =F NOME DODHNYOEKAMANOMDHNO 


1) 





THE WEDGE 


PRemoroURE AND PHASE IN 


ilo Aer. 


TABLE 


1.50 


GAMD= 
(eR Eooun Ef 


eu 


Ber cl ecr 
= x/X 


XV 
N 


PHASE (DEG) 


FRESSU RE 


DELD (DEG) 


DODDTVOVVODOOCDVOOOCCCOCOCOr 
DODDVOOVVDVOODDOOCO0O0COn 
eee 8« @ @ @ &@ © @ @ © 6h @hUcFehUhMHhUCUMHhUCUrOhUCU HMhUCU FmhlU hl 
DODDDODOOVDOVODOODOCOCOOCOCOrT 
ANNAANAAAAHAAANAAHAAAAHAHAA HAWN 
;rrere’ventv tb ee tb eb bebe tan 


MOO ASIMNDOM DOYDONODAAHAMMOS 
NaI NOK NDODO FONDNDAUAMNOWOOF MNO 
MANE OMWE SH OATPADVNDNAT Ho 
NTFEK ONAN ET OAOKNHNIAINNEK DOMES 
eeteees 8? @@ @@ 8® © @ @ © @ @ @ @ @ 
DHA HOD Mm OWIM NDAD AM KH HDOINS 
NANAAATANNNANAN © © em 


ANNCOP FOP OAH HMNDONAANNS 
ANFKMONMCOAOTMHATMNK—DOMO 
eee et eee © © @ @ © © © @ @ © © & 8 
DDD DOM OWMNDADM NM KH QDoatno 
NANANANANNNANNANANT er erernm ete 
(reethoeteeteueeev eg 0g 

(oe oe am jes ae Nee Lee Jee |e | ao jae | a Rhee 1 ae | ae? Ie Dae | oe ar ae Lee | 


++ tetetet tet tte eee ttee ete tet 


DODOOCODVD OV SCO VDODOOO0C0OO0OoO 
DOD OODDDODODOVDOO OVO VOCS 
eeeetrt eee eee eee Cee ee 8 
OODDOCODVVDSCOOCVOOOCOCO00°O 

t 


DDODOTOOD OOO VOODOO OCOO0OO 
DMO DHDAND FH ASMHOMDA HANNO KF AHO 
eeese@¢@@e ee @ e208? @ @ @ @ @ @ @ @ @ @ 


DODOO&FTEAAAMMMON Ms Far MUOMwo 


PAM TMNOM DNHNO KVM TNO OHNO 


syle 





PHASE (B86) 


3.00 


{ PRESSURE| 


GAMD 


PRSSOUnNG oN D PHRASE IN THt WEDGE 
PRESSURE 


Meee Li-A2. 
DELD (DEG) 


N 


DDVDDDOOVVD DOCMDVDOOODOVOOODO OV 
DODDOOVCVVVODCOOOCDOWVOO09000" 
Pr 
DODO DDOOVCOVOVOVBDVDOOOOCOOC00Or 
OVOV ON OVGNO) 01010101 01 0101010 09010101 0) OV CO 
rrr ere eevee eee 


TFOMNADWDOINANNHWODANAIAMMDOADOHnSFO 
DONO TODrOPMMN  -DNMNMNOIAMNGE 
ON OOP QL PREF Ou FT Ormm © 
ININM HD =F OK ANE DNONDNONANNKO 
€¢e ®©& © © @ © ¢ &¢—hUh Hh HhUhUh/O FC oo FC © F&F © FF SF 
AQAN ST K DONO MASFMR-ODOoONMNMNe oO 
ANN AIANDA Cet eer cercen 


ONT OMmMNO Dorr DOWUrTOrMroO 
WIN ™M OD =F OMAN RM AMONDNDOANINE © 
¢*eete tf ¢ €¢ ¢ © ©¢—UuhhMmhCUrMHhUC OHhUhHMhlhU HhUhHhUM Hh hUchOHChUCUMHMhCU Hh 
NNN SH K OONDORMNAMeK- ODOMNM© 
AQANNANNNQN Cre rerrenrn? 7 tet 
rrerveteees#oeeeb ete 

a Le Dee ae Dee hae ee 2 hae hae he he oe Lae ae Dae Dae hae a Dae a 


FHEHEHEHEE HEHEHE HEHEHE HE HHH HH H+ 


COOOCQVOOD OVOOOO OOOO OCOCO0O 
ODODOVD OD OOYVDOOVOOO OOO 


ODDODOOVDDOOOOOVCOCOOO0O00 


DODDODVUVOVO DODO OOOO COCOooO0O08O 
DMD HNN Ve FON ONAN Oe th © 
®eees#%*?e fe @ 8 © @ &¢& © & © ee ee CF 


DDD O SCS TANNAMMMN 3 t+ AMUN \O 


PFNAMN ATMO DHNOTAMASANOM™ DHAOE 


SK OONN 


oe 





2G) 


289 5.0L 


4.50 


THE WEDGE 
Pe Res suns | 


HASE IN 
GAND= 


rs 
a 
> 


EoooU RE 


PREO OURS AND 


TI-A3. 
DFLD (DEG) 


Peer Ep ecCTIC 
KV= xX/X 


ee L 
N 


ODDO VDOOCDDOVDVD OO DOOO NO 
ODDO VOOOCODOVCOOVODVMOOO00W 
®eeeeeteeeeeeeeee#e#f¢#ee%# @ @ @ 
DOoOSCoooOOOoOCOOOOO00900™ 
DNDADHAAAAAHAAAAHAAHAAHAAHAHAA AGS 
Hoa Jt Viet iia Vik! (ie Nea) Te Files Hes fees a! Jae ist ee a I 


DANUMNIOMNAMNAHODOWDNANYOTOOFMINGE 
MONOMm NNAOOMNDODODAANNHOY 
NOM DAHANNA Ss? SOOM EOL O 
NrODONDTONUONHNKHMNOEF DAH 
eee @®@*eee¢*ete®*e?eteeeeee#e ee 
NANA & &— OONNOM OM ASFMNM™OO 


ee. 


ONOADMNOANNOAAHHNDAOMNK- OO 
NT-ODDOMASOMNOAHMNOP DANS 
eeeeeeee*e#ee¢#e?¢#e¢#e €@ @ @ @ 
NANANANST KH KOODNOP™ONAMN KOO 
ed SR ool cee aoe ce oe ee 
retrreet eve 

es Lae ee Dee ha ae hee hae he? Les Lee he he Lee he? hee hee hae be he he) 


SHEE HEHEHE HEH HEHE He He Hee ete 


DOO DOOVDODODVO DO ODDO OOO00O°O 
QOD DD VCO OO DODO DOO ODOO00O 
eeee?ee?@eee#ee¢e¢#ee¢e¢# e @¢ @ @ @ 
BOOO9TDO0OOO0 COO OCOOOOOOCO 

' 


DDODODODOVMVTOVDOO DOO 0O000OO 
ONMODNYID & SM OMONNN® TVW O 
eeeee?ee#28eeeeeee#e*ee%*¢*e ef @ @ 


DOOOT SFKNAAMMAMNM SA F ANWMNO 


PmAMN ANNO DHOMKAMANOP DHAOeE 


Se 





Peco UKkE AND PHASES “IN © THE “WEDGE 


ieee fi-31. 


1.50 


{| PRESSURE| 


GAMND 


rt Il 


pee ELECT 
XV= x/X 


£G) 


PHASE (® 


FRESSURE 


DELE (DEG) 


N 


DDOCCCODOCVDOCWDOVDCOWVOO 1) 
ODVOCODODCDVVDVO OCOOVOCOCO9OO0O0O 
ee eeveeeetrteepe ®eeereev#ee ee 
DVDOVDOSTDODVDOOVWOOCOOOO”W 
DANNAHNNHAHAHNAMHHANAAHARHRAHAHOONW 
prrvrre/ervrvbe eee be bbb te 

' 


WM — OK NQOOD SRE STORK AFHOO 
ATH NDMNOOPE NANDA OUOPE © 
DONODOUWOOA FORrOnAOTOISIHO 
FANAQWDAOMOCAFMOMNAOF DWAANNHNO 
eeeeet#ee ®t ee ®& @ © ¢ © © @ @ 8 
AANAN SE KIDONDOPONANNK-OO 


SS eS 


DONWOP ONMWMNO RMPOMNOMNKMNDO 
ANNANDODADNOCAMOMN OF BDHNWWO 
eet e @e @ et eee tetet®eete @ 
AQNANT TF KTOONDAOMOMNAMNAN OO 
Teer rermem | Pe eee bbe 
(reeretotbetle 

a Lee ae ee Law Lae ew Dee Lee Lae Dee hae Dae ae he hae hae he ae he he) 


HEHEHE HHH HEH Hee eee te eet 


DODO DODOCVDOVDOOOOOOCOOIO9OO 
OCDVDDOCOCOOOCOV DOOOO9OO90O0O0OE 
eeee@e#8e8ee#e¢e¢80 @ @ @ © @ 8@® @ ® 
DODDVVDVDOOVOVWIOOCCOOO0OOO 

i 


DODDDDOOOVOVODVDOOVDOOOOO00O 
OMONNN Oe FE OMOKDNN Dear 
eeeee @e@e@¢@8¢e © @ ® @ © © @ « @ @ 


CODD FT CTKANANMMAMMDA ST FATMMNMMVWO 


MAM TNOM DHOSTAMNANOM DHNOr 


SSM OOEIUN 


oe 





PRES OCUREQ@AND PHASS IN THE WEDGE 


(Ves LI-B2. 


6910) 


GAMD= 
{ PRESSURE| 


PHASE (DieG) 


FRESSU ke 


DELD (DEG) 


N 


CODCVTOCOCODVDOCOCCOCOOCOCONA 
SGCCGOOGOeGOOCOCG OOo] o CO) 
eeoeetff @©@ee?eeeee ® @ © @ e&hUuhemhlUhHMmUhUh lh 
dh ee ab lap | ae lem (> an am lam lar] ap om | am | op fam] am I ap] Se | 
DAD AVHDAAANAAHAAAAAAHAAHAON™ 
prrtetd t'Poreretvreere tt teuetdst 


OTOAMY MOK NTOANKOHDONA& © 
MNNLAM™ OF CQOOMNASCYA&KsrareMNoOO 
NANKAOWMWN OM OD KOMNVSAHTer OM FO 
Wat SAO SFroONKKMNANOANAYr © 
eee?eeee ®@e @€@ ese © ® @ © © @ © © 6 8 


DADNHANHAO DOP ™ OOM + ANANH OO 


MOT OMDE~ OO HK OMVO ADK VNOOTO 
NWN at NOP 2 TONE KPNANUANARH OS 
eeeeeee%#@¢e?8et?8ee ¢@#¢ ¢ ¢ © @ @ @ 
MANADHAAHAD OoOoMm OOM St AMAN KOS 
prbhepetetbheteroeteteretoeee 


ee |p ee Vee se Fe JL JL ae Yee Yao J age Lig hare FL Ng > NL Nae Bag Bae 
HHH HEHEHE HH He eee etteteete 


DODDODVOOCOC VWVOCTOCOCOOOOCO 

COO DTDOOCODVO OOOO ODOOVOOV00°S 

eeeveveeeeeeeeerereeete ee & @ 

SOO@O2 Q2OO@eQOOOCCOOeoooe 
' 


a> Team Y cape >] ae | ow Kap Vee) cep (o> eam | em Maa I amp 7 ab | em Iam Go}! ea K | 
OMOHDNWND & Ft OMOHANWNNOD & tal O 
eeeeetfeeee#8= ¢e«ef#e¢e#e?ee?8e¢ &¢ @# @ 


DOOOT TK ANNAMMMM st Fa MNUNWNNO 


MAM AWN OF ODHDOKNM ANNOY DHOe 


60 





Sy 


Prop 


a 
tend 


4.50 


| PRESSURE] 


GAMD 


6.00 


SoooURE AND PHASE IN THE WEDG 
+ 1.0 
PETD= 
PREooU RE 


p 
Xx/X= 1.00 
DELD (DEG) 


RegeLECTICN COEF= 


ieele II-83. 


XV 


N 


DODODDVODVDD OOOO VDOODOOMON 
DDDDVDOCOOVDINO OOOO OVCOCOCOC”WO 
e¢e¢eesest ete tee @# e@ @ © @ @¢ © @ @ ¢ 
DODD OCVCODOOCOVOOCOOOOO 
ANDDNAHDAANHAHAAHAAHAARAHAAAA 
irrevreertre bere tereeeree!evevr 


OTNNUOM DNDWOHDOVOS El OOOFrAO 
NODODMON ONT saraImMosroroowuoe 
MNO NOVO DADINAKKHHDNNOFODAHNHO 
TT EOD IM HK DOONHOMAN HMO 
eeee#ee%eeeee #®¢#¢ge6¢e%t*¢e¢e ee °®e 


WOW =F TST AMNMN NNN CCK OOO 


MOT NTONDNNANKTKAQNOTFODNOOS 
TE TK OO NNT OUWOMAOMNDNe a0 
eeeee#e#ef#eteteeteeite © © @ @ &€ @ 6 
MNF t-ASASPINNIHAYNAT ST KODCO 
(rrrrrrenevt pt bb eteev ed 


Lee ue ae ue a Le ae Le ue Le ur Le LL LL Le Le Le) 
HEHEHE Hee eee tet se ete settee 


DOVDDOVVVDOOCOVOVOOCDVDCOCOCOO 
DOOD OOOVOVWBWOOVOWOSOOOOOSO 
eoeeeevereeeet* eee ee oe & & @ 
DO DOOCOCOCOBDDOOOCOCOOO0O0OOo 
er ' 


DODDOVDOUOVDOOVOVODOCOOOOO 
DMNODNNWO— FROMNOVDANOeE IroO 
¢eeeeeet#eee ¢eetee¢e¢eeeee¢ @ 


ODDO SC CHKANAMMMMH a3 SFMNOMWMNO 


MmHAMANOMDHOKNMN ASANO” DHCP 
Ce rn 0 0 OOENN 


oak 





PHASE (DEG) 


WEDGE 
1.50 


{| PRESSURE| 


GAMD 


Peo OURE BND PHASE DN THE 
FRESSU RE 


II-ci. 
REFLECTICN 
XV= x/X= 2. 

DELD (DEG) 


TABLE 
N 


ODDOOD VDOC DOD OODOOOOOOT™ 
DO DOOD CODD DDVDDOOCOCOOWU 
® ee 8eee#ee#ee et #8 e@# « © @ @ @ ®@ 
DODODDODOVDODV OOD DOOODOCOCOO 
ANANADHAAHN AANA AHAAHA AH AY) 
(rreewet tb t bee 


NITY OWE OVO KE NAMNONONE © 
NNIN™ OM FOMDNFAMNANOAT & S 
NPOAIANANNNOF SFDODVNOYr FAMErOroe 
M=ODMOMNINANDWO HK MYA Fl KUM © 
eeee8ee®*ee*ereeee8ee#*#sge 8 0 @ © @ @ 


MOM OWATANCDWOSFNAMNMAMMNAAN& OO 


TPNH TANMNANDDNIN DN N™ AFMY eK Oo 
MOP ON NDIA ANDO HONE ™ KW O 
eees.e#2e8 © © @ «© © @ @ © © ee eo ee + @ 
DWOM™OWMNFANUKDOSFAMMNMNAMNAN OO 
i’ropereetoebee bee 


aps up Jag] ep Ne ae No Ne He Le Je J Jae Lee JL Lap hae ae Jae Le 
++eetetete+eetreeteeeer+eee +t 


DOD DODO CTD DODO COOCOOCO000 
DOOD OOVDIIOOIO DOD OOVMOOCDOO 
escecevceve ee eevee ee ee eo & @ 
DODOOCOVDVDD OI DO ODDOCODOOO00°O 
prrreteebse 


COD ODODVDO DOOD OODODOOOOOCOO 
OMOD HAND KH FMOMIHANNID NT taro 
oo eee ee ee eevee se ee © © & © ® 


DODOSC$FTKANAMMMM =a F AMMNUWO 


MmAUM PFO DHNDEK AM FNOM OHNO 
Pe 8 ge ee rr ONIN 





WEDGE 


PRESSURE AND 


ieee s Ti-C2. 


Pero oN THE 


GAMD= 3.00 
Pers Soule 


POURS & (eG) 


PRESSURE 


DELD (DEG) 


N 


DDD DOV OCOD OVOGVOCCO0COr 
DVD DD VOCOCDDOOCOCVOCOOCOO Nn 
®eees88?# fee eee @ @ @e®eee?#? @ 
DDO DODO VVODOOCDVDVODCOCOO0CO 
DANNAAAAAAAHAAHAAHAAAHONHAAO 
(hrebeet eg 


MNAMHNOMOM™ NOOM+aADOrvonoe 
INMHK NOD AMM WMOMUIK DA TNAHM oc 
DOOMINFODODANOKNMNEMNONOEAO 
NENOSPOANM OVO FORKKONK ANOS 
eeree%®ee#eefte fe & eee? ¢e8 @ 
WWLN IMHO KMNMES DODOOAS MNO 


ec 


HOWM ONC OWOVMOOMEMNADNDNOO 
NTMNOSFANEMOSOKrKLTONT ANE O 
eeee @®@e¢e*ee8 @ @ @ @ @ @ 6 ee @ 
WOW ANH DE MN KS HODSTOONE WIN 


repbhoeelee Ce 


ee La Dae La ae a ee ue Lae Lae ee ee a ae ae Le Le Le Le a 
HEH EHH HEHEHE HH HEH HHH HH eer 


DOCTOOVCODIOOVOCVD OOD OOOCDOOOS 
DOOVOOCOCVDOTDOVWDVOOOVOCOOO 
eevee evr ere eevee eee ee ee er we 
DOODODCOVD COCVOVOOVDOVOOOOO 
prrroeeboeb eb bt 


DODO VDDOOVVOVDVDOOVOOCO0OSoO 
BDMNOANANNDe- FH OMOKANNOe SEO 
oeeoer eer eevee eee ewe ew we we 


QODOOT ST TMANANAMMMN = = FINI O 


TAM AFANOMDHAOTAMANOFOHOeE 


ee ee ee ee ON 


63 





ieoue Li-C3 . 


PRESSURE AND PRASE IN THE WEDGE 


4.50 


| PRESSURE] 


GAMD 


OO 


BeePLECTIOCN C 
XV= x/X= 2.0 
DELD (DEG) 


N 


PHASE (DEG) 


ssa sae 


DODDVDOOOWVDOOOOCVCOOOO 
ODDDODOOOODOOOO9000OD00M" 
eee eveeerereeeeee eee © © Oo Pe 
DOVDDDOOOWVDDOOOCOOCOOD00Nn 
ANDHAVNANAAHAHAANHAAAAHA HANS 
i et Je eee I Ses oe 


NOW KHTWIWDONST DDOWAFNDAIAONDOO 
TFOINOMMOAAN" MN FOr FONMNHCONOOS 
MF ODUMO AMNATAINDOrONBDAOFrDWO 
NOWIOOD — DODMNNONME™ OOOO AO 
eeee?ee8 ®t © @ @ © @ @ & & & © Fe ©  @ 
NTHDODOMNODMNNWDOKEANSTODESANO 


ME MOK ANNWMDT "DONT MIE~ DOO 
NDMNOOFDOMDMNNAUONME ODOO7O 
®* ee ft ee @ @e ®© © © @ &@ fs 8 ee ee he hehe 
NTDDOMONNDOKTAN HK ODF aAN® 
oe 

las Lae Ler Lew Lar ue Lee Lae Lae Lae Lap hae Lee De hae Dae Lae De bar he be) 


HEHEHE HHH HH He He Hee teeter 


DDD VDDD OODVDWDOVOOCOOCNO92CO90O 
OODDOODODOVOD ODOVOVOOOD0OO0E0O 
eeoeeveeve vee eee © eo ee 8 ew 8 le 
QOODOO DOOD DOOOODOOO02O000 

prusp1rprprprerpepns 


ODDO DDOOOVOVDOODOVWOOO0OO000 
DMNO DANO & FM IAMODNND® & aro 
over ee eee tf ee wo we we Ww wee ele 


DQDODOS FT EKAAINO MYM FF TMNUIWVO 


FAY FIOM DNOSAMYNSTNOM DHNOe 


Se eS o_o 


64 





IN THE WEDGE 


Sri os 


fee IEtm-A 1. 


PRESSURES aNd 


GAMD= 1.50 
Ee lve 


6.00 


ERs ul © 


=O 


REPFLECTIO 
= x/X= 


yv 
N 


PHASE (DEG) 


DELD (DEG) 


WDDDODVDDOOOCVOVDBIOOCOOCO Cu 
DODDOOVOCO OCOOGOOOCOOOO0O 
eee e#tee#e##e?eeee @ @ @# @ @ @ @ @ 
DODOCOOCDOOVOCOCDVOOCOOOOt 
OD DDDOODODODDODA OOOO AAOON 
ae wi eel, seed eed, ee el eel coed ce, oe a col el oe el lh oe ee 


DOLCE ANATNAAAMMMAAANANN & & OO 
2DOOOO2]COO02D0O0020O900O090 
SQQooooooqooQooCooCOOoOIO 
DODDOVDOOVD DOD ODODVDOOOOOOO 
ee 


ODDDOVDDVDOOVD DOO OOOCO9 00S 


DDDOVDDOVDWD@VODOODOOOOOO0O 

DODO OOVDIOVD®DOOQOOOQOO00000 
eeeee?8ee@#@e@¢@eeee?%ee%f*e@#?e ¢ ¢ @ @ 

DDDOVDODVDOCDOD VOD VDVDOOCCOOCOO 
' 1} t | tt 


pe pe Va es fle) = JL he Ye Magee Ve Ye J Ne Uae a ae |g age Jag Ta 
FHF tet e tee tee tee ete teeeet 


DOOCD DO DOOVDOVOVDOQOOCOCOO 
DODDOVDOVDOVDOOVOVOOOVOEO 
Cr ee | 
DO DOOCOOCVDODODOOODO VOODOO 0OO90O 
rer!ettteeretrpretettt_etetete 


em X cam Yam | am I aes Y em | a> | ae] a Vc | a> | a a Yl a | a | a | a | a | ae J ee 
QOMODNWN Oe FM OMODNNWe sro 
eeeeee?8ee8tf=f eee eee * ee @ @ @ 


DODO TFTEKANNMMMNM FFI ATMNWMNUO 


TAM SFNOM™ DHOKTNM SNOOP ODHNO™ 
Se Oe = Sees ONC 


65 





PHASE (DEG) 


5200 


THE WEDGE 
PpeRessuRs | 


SAMD= 


PheosUne AND SPRASE IN 
FarESSU RE 


COEF= 
50 


1) 


T= 25 
N 
= 0. 
DEED (DS 


x/X 


yw 


ond) 
* 


pee Be Pac 
nay 


TABL 
N 


—-DOOODDOCOOOVOOCOOOOCOCOW 
NODODODOOCOODOOOCOCOOOOOoO°oOF 
eeeeeeee?e#ee#%e @ @ #@ @ @ 8 ® @ @ @ 
FODOVDOCOCVSTCOOOOOOCOOOCoOr” 
00MM MO MO M0 00000 0 COcCOM™ 
A odl peedh ool oo cael eed coed pool ell, pooch med ool eae eed coll oedh cami coaell, eel, ool oe 


DrerANMMM Ss SIFTAIMNMNMNANANNK KS 
DQDDDOOOCOVWOOSOOOOCOOO CO O° 
DOOOVDOVOOOOOCODOOOOO0OC9DO0 
DOODDODOODDOOODOOOO0000O 
eeeeeeet*®eeeee te Ge eee @ 


CODDVDO OD OO OCOD OOCDOOCOOO 


GOaQqoQQoogOoOoOOOoOOoO@® 

DOODOOVDODODODOOOOVOOO0O00000D 
eee#2eee%*e*eeee?e eee @ @ 

ee oe O22 
($f $ tt ’ ’ 


Lion) Le me fg |Lap |e |e Be Jape Je YL Fam age Tape 1 JL a Lape Ye J 00° ao 1h a 
SHH HH Hee ete te ee terete ete 


OODOOCVOCDOVDOOOBOVOOOOCOD0O 
DODVOODVDOIODOO BDOOOA200°0 
eeosvseveeeeeeewereeeeeee to @ 
DODDOOCODOVVDODOD COCO ODOOCO OOOO 
(trrererrevteerttrtet tt tt te 


SOOOOOO@OOO OOO OOOO0CO 
QM ONDA & tM OMODNNNM & 3AaMhO 
oerervrevrevre et ee ee ee © & © 8 


DODO TEAANAMMMNM?T SFAMMNWMO 


HAM FIOM DNOCAUMY FUOM OHNO — 
SE GCE BE NA 


66 





PEAS s (DEG) 


4.50 
f PRESSURE| 


GAMD= 


PRESSURE AND PHASE IN THE WEDGE 
PRESSURE 


DELD (DEG) 


Wrens LL I-A 3. 


nN 


WODOTODOODOOOCOVOCGDOOOCOOCOr 
TODO COOCOOOCDOOCOCCOOCF 
*eeee#.feeeerkese#keteteeetesee ees 8 
NOD ODDO VDOOVOVWDOODVWOOOOOOW) 
O00 00 GD 00 00 00 00 00.00 G0 GO GO GO 00. 00 GD CO C000 == 
Soe ool col od etl Co dK eo mood weet od pool coeds cook A real ood | ees coal mah ga 


DOT KANANANAAMMNMOANNAANN & — OO 
OOQOQ90000 002000000 C00°O 
ODD DOOVDDVDIOBDBDDVVDODOV0093O 
DOD DVD VDWDOVVWVDOOVVDVDOVOO000O 

e 8 @ e . 8 e e ® es @¢ 8 se e ses @« ¢ ® e ¢« 6 


SoC OOCOCTOOOOOOCOOOOCOOO° 


DDDDOVDVDVDVWDVDDOOOVOOO000O 

DOOOCOOO086 DVOQOOODOODOOCOOOO 

ee &¢ e@ @ e © e &© ee & ee eh FemhUCOmhUC OhUC HMhCUCUMOhUCOhUC Fh 

DDD DOD VDVDOODVDIOVODVDODOVOVOOO 
’ ' 


Lp | te Yas 9? Je Vows a J ope > ge | > | a Jha ae ae Je [> J? J) oo Tg) 
HHHHHEHEHEH HEHE HH HH HHH H+ 


DOV DOV OVWDOBDODODOODDOOODOO0O 
ODVDODOVDOSIdDIODOVOOODOOOOO 
eee eeerteevreeseeeeeeee  @ 
DAO DOS ODOCOODOCO9OCOOO0O00O 
(rethere_ttebvetroetttt)tnete 


eletelelelelelelelelelelelelelelele\le!@) 
OMWO OND & A OMOANN We FOO 
eee eee eereetrese fF ee © Fe ee @ 


DOOD OTK TANANMNMYMY 2 Ft TMNLIMNO 


mANM TINO DHNOTNM ANOF DHNOT 
Se ee ee CNN 


oF 





PHASE (DEG) 


1.50 


PEREsouRs) 


FUASEs 1 N SRE weaGeE 
GAMD 


6.00 


ERE SoUrnE 


PRESSURE AND 


COgE= 
00 


N 
. 


DELD (DEG) 


ELECT IC 


= 


lapis “LII=B 1. 


AV= x/X 


N 


R 


DODOOVDVVDOOOVOVOOSCOOVOOWM 
ee ee ae eee 
eee ee © © © © © @ 7 ef @ @ @ @ @ 
Weloloelololoclelololololololelelolen 
SFTODUODDAODDDADDADDANDMAADMDDADOM 
eth, el cel el dl oe soll el eed ted mee mel mol ee el ell el ee 


OD SFANNIOMAOMOHMOMANANT AO 
DOOE™ KAM WIE OTH WN Or MN Ne DO 
OND DONE SACI NENOWDON® 
OS T-lTOwoonr OSs Oar Ooo" NS © 
ees + © @ @ ®©® @ @@ &@©6hmUhehmhmhUOMmCmCUCOPmUCHDMUCUHmUCUhOHhmhUClU OFhlhlUhHmhUlhUh} 
ON FWODNHAHAAMMNMOANNE HDOwWAINO 


DOD VOC VOOCDTOVODOCDOVODOOOCO 
DODOODOVDOOOVOOVOOCOOO0CO 
eoee%e#e%+ e @ ee © © @ © © @ @ © © @ 8 @ 
DODODODVVDOOVDVOVOCOO9O COCO OOo 
Prrepetrtrrrtetrrertteteaeret 


ae ae Dues hee Lae hae hae ae Lae Lae Lae ae ba ae Lae ae ae ae Lae La br) 
FHH He tee eteee tte trtetteett 


OM = DONKHMNNAMNMNMN= MNOWDH-MN® 

OrNTOUuUO TOA TOIFHNTrOVIFrN To 
e e °® e @e e * e t e e ® e ® ¢ ® & 9 e e °e@ 

ONAFODHNTAYIMMNMNANE HAOOSNDS 
a RU RG Ne sat at aed cc eee, ad ood lo a 


DODO VOVOVOVD VO OOCDODO0O 
OM ONNWIDO | FMOMDOANNDOE sro 
“ee ere eee Fe e wo © © © e © © Oo © 


DODOK FTEKANNMMMMS FAMNUNMNO 


HAM ANOP DHOK AM FNOPF DHOOM 


SOON 


68 





PRESSURE AND PHASE IN THE WEDGE 


jeeees ITTI-B2. 


3.00 


GAMD= 


<a oo 


RerL scr. O 
X¥= x/xX 


EG) 


PHASE (D 


Pea oosu 


SoURE 


Pa 


DELD (DEG) 


N 


WD ODIDODODODOVDODOOQDBOOOOOO 
NOODODVDDOCOVWVDVDDOOCVWDOOOON 
*eest e@ ® @ ee © @ @ @ © ee ee ee 8 
NODVDOVOCVVOOOVOOOSGOCOCOOOrF 
M100 00.00.00 00 00.0) 09.00 09 020.000 COM HM BAM 
pl uel stall oxen comet ioe aa, cel ea cee wel eae Ul too cool call a el 


CH TINK MMNNNDHADMNNANIM( We — Oo 
DNOTHNMOAR ARNORMNE KONO 
OOM NATHKOK NC TNTHKNKCTAMNco 
DOD MONK MIONOMTNYOMEHNDO 
eeeeee © © @ @ & © ee eh ehh Ml OFhlhlUh MUM lh 


DMD — MN DHAVDHOM WM — DIM O 


DODDODVDOVDOVDOVOVOOVDOVO COCO 
DOVDIOVDIO VDOVIODCDODOVO ODO 00O2 
eevee ee Pe ee F eee ee ee & © 8 
CODODVDODVDOVODOV VOODOO OOCOO 
prrhrrrutbyoee errr bterbrerte 


SoG aim stato a 
HEHEHE HEHEHE HEH Het ete ett+ 


OT MNSANNDOTANNNTODNN ANE O 
DOD OV MO UIT MONOMISUNOMIEM OO 
eoeeeefe ef ef e®hcemhmhmUcCOhCUCOmhCUMHhUCUCr hUC OCUcOhUCUCOFhUrhUhPhUh hhh 
OMMNO HK MN DHAHAHOM NM —- DNMNE 
1 4 es eee el eet al ml RE eh el, el a eh | a | 
ereeteereeeett ts 


DDODODVDIDOVDOVDOVDOOVC OOOO 00 © 
OMODNWIDE AH DMOKDNN De tar oO 
eee®?%#eeeo%*#eee#ee?eee?e8%8 @ ® 8® @ ® 


OOOO TK TANANMMMM FJatrAIMNMNW Oo 


TAM ATANOlM DHNOTAMANOM-DHOT 
CSC SCS OM SCOIN 


che 


a 
: 


[ee 








PHASE IN THE WEDGE 


PRESSURE AND 


RAB e LLi=B3. 


4.50 
Pees Sik 2) 


GAMD= 


eg ee 


Reena ECT IC 
XV= x/xX= 
N D 


HAS © (eG) 


y 


EFRESSU KE 


LD (DEG) 


= 
pe 
— 


MNODOOCDWDOOVDOOCOOOO9O0O00OWM 
NODDODODODOOCDOOOCOOON 
eee s ee © ee 8 @ eee#e28#f#e#e8 ® @e ®@ 
HOODOO ODOCOCOCOCOOCOM 
C.D CCC 00M. 0IM COG MOWMMW WOMAMWMOA‘\O 
Se ee ee ee eee ee. he hm he fe 


ODTAUHMNOMNHOMNOHNMOMNANAHS 
DDE KAM NCOMNKPOK NK Nel DAO 
DNDDON LCM FerIMNeVNODONGE 
OTN KDOVOTASAOANK OVOOENKO 
eeeee2e?8ee»Fseeege GC ee 8 e#eee © © @ & @ 
Sho Os On Nae en 


eee Seer | 


DO DODOODOVODDOOCOWOOVOCOOCOCO 
DODO DO CDOS CVDOOODCOO8BOO 
eeeee?ee8e#ee?e#t#t»ee*eeeee ® @ © @ @ @ 
DODD OOODWODVDOVOD OOOO COOOCO 

prrretrarvorrnspbevevy ves 


FFs yarerrhHanrnrnhnshnrhrsnme 
HEHEHE HEHEHE HEHE HEHE HEHEHE HH H+ 


OM HK DOME MNMNAMNUM — NDDA—MO 
OrNKTOWOOFTHnTOAVNKOWoOornro 
ee38e¢8 ®@ e @®ee#ee¢*e?oee*e?s 8¢ @ ee @ee8¢ 8? @ 
ON FODDKANAMMANN&| HDOOANO 
ttl terre cress 1 it 


QODDDODVDODOOOVO CDODWOCOOMOOO 
DMO HAWN Ol AaMOMNOGHANNIDO & SO 
eecerevreeevreeereee ee ee ee @ 


DOCS SK THANNMMMOM & FAM UNWO 


PAM ANOM DHODESEAMANOEY DHNOe 


70 





PHASE (DEG) 


iy 
ol 


2390 


Peas ooUR S| 


1 


GAMD 


6.00 


ea, 
EETD= 
Preoov RE 


Peeve Lt i-C lis PRESSURE AND PHASE EN THE WEDG 
Rest LECTICN COEF 
XV= x/X= 2.00 

LELC (DEG) 


N 


DODVWDVDVDVVDVDVDVOVDOCOVOO0OOM 
NODDVDODOVDVOVOVDVOVOVOON 
eeeeee@eee?8e?8 @ @®» ee 8208 @e@ @© #@ @ 
NOODDODOVDOVDOVDOOOCOOOCOCWw 
NmMOMmmMmoOwmom ! 1 N 
eC ee ee co 


DOF WMNK- DONDOANDANer ADWONVNeY FO 
D'OMODNAWIY SF FUT AW OND O Mm O 
ORAS KF TNOWMO FT DMNMNNAAWNNO 
COWINMNM &- MDWOMM HADANNDOOrdoO 
eeeeeeeeee#t%ee¢%e*e%e*ee#¢ee 8 @ @ 


DEAN tTAMNT-ONTODODODAWDMMNMO 


eer 


DODD DODOSOVVDVDOVO9OMODOO0O00 
DOOD VDODOCVVVDVOVWVOVOOO0O00 


eeceveerteetre er eereeveer eet eee 8 
QDOVDVDVODOCOCDVDWVVDVDODOOCO000 
()reretrretee t 


|g 1 ago Lape || ape | aes Uae Ne J pe» JL Me Saag o> YL ae he Fe Lp fa JL a> 
HHEHEH HEH Hee Hee ee ee teeeeetet 


DOD FAIN KPOOs AM HVOANNDOOMOS 
OMDNOI ee MDOM OT HDWNHNDOWAWOO 
eee @e © &® @ ee @ eh ehehUh8MmUlUhOhUh MU OFhUhHMhCU Ohl 
DeAMNAIMNTDWDANTOWDDVONOWMMO 
rebhuebedt ee ' 


DVDVDOVDODVDOVVVDOVOOOOOO0F 
ODM ODNWIDO FSF OM ODNWNOr FrO 
eeee ee ®e#28e e®#6¢f8e6m6mCUODmC DUC UC OlUCU OU OUCUCOUCUCUMOMUCUC CUD 


DDD OT KE KTANNAMNNM Ss tSAWMUO 


PHAM SAMO DHNOKAM ANOM-OHnOr 
Ce ON 


TAs 





PaxsooURE AND PHASE IN THE WEDGE 


SeBee ifi-C2. 


S200 


GAMD= 
{ PRESSURE| 


mnN 


Fee FELECTIC 
XV= X/X 


(DEG) 


fr 
WY 


Oy 


ERESSU RE 


DELD (DEG) 


N 


FOODVDODVOVCVVDOOOCVDVVONOOOO0? 
eS ee ee 


-" 9@ @ © © @mhUhrmhC<C DMC OMhUCOrmhUCc OhUCc OhmhUchhUCUc Ohl *oee8 @ @ 


WSSOSSSSOSS89S9000900 
N 
— C 


OMNNDOOST THT ODNDNO—SWDOWDAMES 
DMOF-DNNINN GDONNIMOFP OME 
DTONANANEH ST SADODAAFHTHANO DAO 
ODOOAHMNAMNOWMAMNM™ HOODOO 
©es+rente8tee @ @ © @ © &@ 8@ ee © ee & & 


OMFNAUMMTWINODOOOONWM FMMNEKO 


DODOO OOO VDOOOOVDOWOODO9O00CO 
DODODVOO OCD OOOO VDCOO90°90O 
oefe et eee ete eee eee © e © © & @ 
DIWDOVVDVDOOCVDODOOOOOD9O0020O 

t 


ee are ae La hae hae Lae ae ae ae Lae ae Le as a he Le he a Le Le) 
SHEE HEHE HEHE He Hee Hee eetee tet 


OATPOMNNNIDO ST SFO DasPONANNANMO SO 
DODO OEY SFOMNMOMIM AD sl" DOOOO 
oeerteePre ef? ete © © © © @ © & @ 
OPTAMM SNWIOM OM OWOWWMN TOMAS 
i ] 


DO DVVDOOOVVOOVDOO9OO0090O 
ONO DNA & FM OMDO DNWO & aM © 
a 


DODOOV SK CTANANAM MMM sf FANWMWNO 


HAM PMO DHNDHAM FMNOE™ OHNOe 


ie 





angi 


G2o0 


pes sosUR st 


GAMD 


PRESOUR Bae DeEHASE IN THE WEDGE 
PRESSURE 


5 Og Gl Gees FF 
DELD (DEG) 


REL © 


mn 
N 


+ 


NODDOVCDTVODDOOOOCOOCOOCOOM 
Ota ee ee 
ee © «© © ®©@ @ © © 68 @ eo © @ @ @ © @ 8 8 
NSOSSSSSISSSSSOSSSS00N 

‘it owmwmnmwmnwmom” 
\ ae C2  e- e =_ 


OTK NODNEKHPDOODOVDOE-IMN-~OO 
Or DON TNAMNKMSTANMNAHOMVDOS 
DOINMIDAKAAMNNOM & SFONOWM ste SHO 
DOD DONNONY NOODMEYrMHNANO 
eee ee ® ee © © @ © ee hUemhlUcrlhlU HMhU hUCUh HhUlUrhOhlUMhU Hh 
-ONNDHOODDVWVANDE-MFANAN-O 


DODD ODDO MMVOOQDDOOCODOO0COO 
DODDOVDODODDO DODO DVDODCDOOO0COO 
ee ee er er ee 
a 
(ereteeeve 


Le Lapp [Les Va |e IL Ue Tae | J | |e | ge 1 JL ge |e a | a | 
FEE HEHEHE HHH Hee tee eee 


DINWOANTODM™AADOKNNAN STOO 
DO WVNWDHAWHEH MODMeMHOUN® 
eee *s78¢Fe88@@e © @ @ © ee eehehUhtmhlUelhlUrmUCU MU OCU 
OMMNDHNDOOWDVOANDEMAANNKO 
' ea ee treeveee 


DOD DOO DOVOOVSCOVDOVOOCOVO900O 
OMD DANO TMmOMOVNANWIO & AMO 
eeeveee ee eee ee ee & © © © 8 


DVD OSC LK KANNMMOANMNASTAMNMNMNO 


HAM SFNOMH DHNOSLEAMNANOPDHAOHE 


SE EEO OONN 


13 





evleded SiN ID BR) Cale 


MEASURED DATA 


A. EXPERIMENTAL DESIGN 
1. Selected Material 

Fresh (tap) water and #30 fine sand were the media 
used in the experiment. The grain size of #30 fine sand 
varies from 0.70 mm to 0.15 mm. To remove air bubbles, 
the water was allowed to settle for a couple of weeks. The 
bubbles in the sand were removed by using high speed jet 
of water to agitate the sand-water mixture. 

2. Velocity Measurement Techniques 

Glass fiber covered wood tank measuring 304 om long, 
117 cm wide, and 90 em high was available. To avoid 
particulate scattering, the wavelength must be at least 
three times the grain size [Ref. 8]. Since the largest 
grain size in #30 sand is 0.07 cm, a wavelength, equal to 
1.7 ecm for 100 kHz, readily qualifies.(See Figure 15) 

A schematic of the equipment configuration is shown 
in Figure 16. Output froma Sameael Radio Model 1310 
oscillator with a frequency range of 2 Hz to 2 MHz was fed 
simultaneously into a frequency counter and a tone burst 
Pememavore lhe counber, HP 52331, would read + 10 Hz at 
100 kHz. The GR Type 396-A tone burst generator was used 


to generate either 8 or 16 cvcle pulses. 


7y 





Celesco Industries type LC 10 hydrophones were used 
fom elrcemama receivers. The LC10 is a small (0.97 cm 
diameter by 2.87 cm long) cylinder, with a receiving range 
foam, Hz to 120° KHz. 

The received signals were amplified 20 dB or 40 dB 
by a HP-465A Amplifier, then passed through a Spencer-Kennedy 
Pieeene. sodel 302 variable electronic filter (set at 20 
kHz high pass) to eliminate low frequency mechanical noise 
present in the laboratory before being passed to the 
oscilloscope. All measurements were made under far-field 


@emaitions. 


Be DE NWolT Y 
1. Water 
According to Lange's “Handbook of Chemistry", the 
density of distilled water ranges from 0.99913 efem™ eats 
iee to 0.99707 e/em* at 25°C. The expected density of 
room temperature water, to 3 significant figures, was 
therefore 1.00 shen: 


ta  ‘oand 





The density of water saturated sand was measured by 
partially filling a weighed 100 ml graduated cylinder with 
saturated sand, observing the volume and the total weight. 
The density of water saturated sand, from ten separate 


measurements was 1.98 + 0.01 s/em’. 
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See SOUND SPEED 
1. Water 

Measurements were made using one LC-10 as receiver, 
and another as source. The LC-10 source was clamped on the 
bar above the tank, the second LC-10 was moved along the 
straight line from the sourcewith same depth. As the 
receiver was moved, the distance and the time of flight 
between the receiver and the source were measured. The 
averaged sound speed was 1446 + 30 m/sec at 20°C. 


Oe MS eligtal 





The technique was the same as in water except using 
amplifier 40 dB. The averaged sound speed was 1607 + 30 


myscec at 20° C. 


D. ATTENUATION 


Taking the natural logarithm of the well-known equation 


Y = Cue / vr) expl-ar) 
where 
V = the measured voltage (volt), 
Ve = the source voltage (volt), 
r = the distance from the source (meter), 
OL = the attenuation (nepers/meter), 
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mem linear relation 


ir Cyr = in(V.) - ar 


is obtained, will be the slope of a graph of ln(Vr) vs r. 
Graphs of the five data sets of from Table IV-1 to Table IV-5 
are shown in Figure 17 through 21. 


The well-known Hamilton equation is as follows 


where 
a is absorption in saturated sand (dB/m), 
k is proportional constant [(dB/m)/kHz] , 


£ is frequency of the source (kHz). 


The theoretical value of k is 0.25 [Ref. 9]. In 


Figure 22, the value of k is shown as 0.27 + 0.06. 
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Figure 22 Attenuation in Sand 
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feeb rk LV=1. 


= (m) 


ViGQvouse 4 


0.18 

0.068 
0.033 
0.018 
0.013 
0.008 


VERwoLt=m) 


0.018 

0.0136 
0.0099 
0.0072 
0.0065 
0.0048 
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AteonUartON Tl SAND ( 60 KHZ } 


ier iv = } 


4.0174 
4.2977 
4.6152 
He 9337 
aie 8) 3Men8, 
Sao | 





miei IV=2. 


r (nm) 


0.1 
Gree 


V (volt) 


0.145 
0.060 
0.031 


. 0.020 


0.012 
0.007 


ATTENUATION IN SAND 


Vo (vcoit-a) 


0.0145 
0.0120 
Oe 08815) 
0.0080 
0.0060 
0.09042 


Sy/ 


( 


SOR KAZ) 


Lavoe) 


4.2336 
4.4228 
4.6777 
Bee cate ®: 
deat 
924727 





ieee LV-3. 


r (m) 


0.1 
C2 
0.3 
0.4 
0.5 
Bate 


V (volt) 


Orel oe) 
0.051 
0.029 
0.018 
Oe 
0.007 


Anes NUATION IN: SANG 


Vr (volt-n) 


0.0160 
0.0102 
0.0087 
Oc Gr.2 
0.0055 
0.9042 
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( 100 KHZ ) 


in(vr) 


Ge is o2 
4.5854 
4.7444 
Oe, oom 
S. 20350 
ope rag 





r (n) 


0.1 
Ee 
0.3 
0.4 
0.5 
0.6 


V(volt) 


We Sia 
0.116 
0.052 
0.033 
0.018 
0.010 


ATTENUATION 


IN SAND ( 120 KHZ ) 


Vr (vclt-n) 


UES 
Caui2 32 
0.0156 
0.0132 
0.0090 
0.0060 


er) 


in(vr) 


a2 
Bi5 i eyeie 
4.1605 
4.3275 
4.7105 
5.1160 





DABLE 


i-o-eleoNOATEON IN Sap 440 KHZ ) 


V(volt) 


0.780 
0. 300 
0.104 
0. 060 
0.034 
0.013 


Vr (volt-n) 


0.0780 
0.0600 
0.0312 
0.0240 
0.0170 
0.0078 


2/0. 


inv?) 


ae) Se, 
228134 
Se407 5 
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G6 25.0 
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